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A global forum on ultramaﬁc ecosystems: from ultramaﬁc ecology
to rehabilitation of degraded environments

Abstract The 9th International Conference on Serpentine Ecology (ICSE) was held in Tirana and Pogradec
(Albania) from June 5 to 9, 2017. More than 100 delegates from 29 countries around the world gathered to
present their research on recent advances in: (i) ultramaﬁc soils, (ii) biogeochemistry, (iii) diversity of ultramaﬁc ﬂora, microﬂora and fauna, (iv) ecophysiology of
ultramaﬁc-adapted organisms, (v) interactions between
ultramaﬁc organisms and their ecology, (vi) nature
rehabilitation of degraded ultramaﬁc environments (resulting from mining activities), and (vii) the production
of bio-based metals through agromining technology.
Additionally, the ICSE featured the ﬁrst symposium on

ultramaﬁc aquatic ecology and ecotoxicology. Albania
has one of the most diverse ultramaﬁc ﬂoras in Europe.
During the conference delegates visited some of the most
emblematic ultramaﬁc sites in Albania as well as the ﬁrst
agromining ﬁeld trial in Europe. Here, we present the
major topics and provide some highlights of the 25
contributions in this Special Issue (Vol. 33 no.3 and 4).
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Since the ﬁrst conference in 1991 in Davis (California,
USA), the International Conference on Serpentine
Ecology (ICSE) has been building as a multidisciplinary
group of scientists who study and aid in the conservation
of serpentine biota, which are unique ecosystems globally. Their scientiﬁc expertise ranges from soil science to
evolutionary ecology and applied agronomy. Each
conference was held in an ultramaﬁc region with outstanding biodiversity: California in 1991 (Baker et al.
1992), New Caledonia in 1995 (Jaﬀre´ et al. 1997),
Mpumalanga (South Africa) in 1999 (Balkwill 2001),
Cuba in 2003 (Boyd et al. 2004), Tuscany (Italy) in 2006
(Chiarucci and Baker 2007), Maine and eastern Canada
´
in 2008 (Rajakaruna and Boyd 2009), Tras-os-Montes
(Portugal) in 2011 (with a number of articles that appeared in Plant Ecology and Diversity) and Sabah
(Malaysia) in 2014 (van der Ent et al. 2015b).
The ninth International Conference on Serpentine
Ecology (ICSE) was held in Albania from June 5 to 9,
2017. Albania has > 11% of its surface area consists of
ultramaﬁc bedrock or quaternary sediments of ultramaﬁc geochemistry (alluvia, glacial deposits) (Bani et al
2014). Albania is also a plant biodiversity hotspot within
the Balkans, to which the presence of ultramaﬁc substrates contributes disproportionally (Stevanovic´ et al.
2003). It is home to several interesting species of
hyperaccumulators (Bani et al. 2013) and is the ﬁrst
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Introduction

country in Europe where full-scale nickel phytomining
ﬁeld trials have been implemented on ultramaﬁc soils
(Bani et al. 2015a, b).

Facts and ﬁgures about the 9th ICSE
The 9th International Conference on Serpentine Ecology
(ICSE) was held at Tirana and Pogradec (Albania).
More than 100 delegates from 29 countries worldwide
participated (Fig. 1) including more than 30 delegates
from Albania, Kosovo and other Balkan countries,
among them a large proportion of PhD and MSc students. This showed the strong interest of local scientiﬁc
communities in ultramaﬁc ecology. The ﬁrst 3 days of
the conference were at the Agricultural University of
Tirana. The mid-conference tour took place in the
ultramaﬁc regions of Elbasan, Shebenik-Jablanice¨ National Park, Prrenjas and Pogradec (Fig. 2), and the last
day of the conference was held in Pogradec on the shores
of Lake Ohrid. During the mid-conference tour, the
delegates visited sites where the ﬁrst full-scale nickel
agromining ﬁeld trials in Europe, that has been cultivated continuously since 2005 (Bani et al. 2015a, b).
During the post-conference tour, the delegates had the
possibility to visit the ultramaﬁc massif of Morava (sites
of Mborja and Boboshtica) close to the historical city of
Korce
¸ ¨ and also the ultramaﬁc heart of Northern Pindus
in Greece (Pindus National Park), where the largest
number of European Ni hyperaccumulators occurring at
the same location is reported (Bani et al. 2009).

Topics and discussions at the 9th ICSE
The conference consisted of nine sessions with ﬁve to 12
oral presentations in each session, as well as poster
presentations. The nine sessions were the following:
1. ‘Pedosphere and rhizosphere’ dedicated to ultramaﬁc
pedogenesis, soil functioning and ecology (bacteria
and fungi);
2. ‘Ecophysiology and genetics’ dedicated to all aspects
of the speciﬁc metabolism of ultramaﬁc-adapted
organisms, including hyperaccumulator plants;
3. ‘Ecology and evolution’, the core session dealing with
ultramaﬁc ecology including the study of interactions
between species;
4. ‘Conservation and restoration’, a session that is now
fundamental in ultramaﬁc ecology and which dealt
with applied issues;
5. ‘Biogeochemical cycles’, a new session that introduced the speciﬁcities of ultramaﬁc environments in
terms of nutrient cycling (scarcity) or metal cycling
(unusual levels) including the impacts on the quality
of food products in ultramaﬁc regions;
6. ‘Metal hyperaccumulation’, a popular session at
ICSE that included both ultramaﬁc environments
and other metalliferous ecosystems;

7. ‘Biodiversity and systematics’ is also a signiﬁcant
session of ICSE because ultramaﬁc environments are
still areas to be discovered and described;
8. ‘Agromining’, a session in honour of the homeland of
agromining in Europe;
9. ‘Ultramaﬁc aquatic chemistry, ecology and ecotoxicology’, the ﬁrst session ever held on ultramaﬁc
aquatic ecosystems.

This special issue of ecological research
The 25 articles published in this Special Issue represent
an account of the ongoing research activities worldwide
on ultramaﬁc ecosystems and give a broad account of
the sessions that were held so successfully during the
conference. The papers published in this Special Issue
are presented under the following session topic areas:
Ecology and evolution
This session is one of the major topics at ICSE since its
inception. This session was dedicated as a tribute to the
memory of Arthur (‘Art’) Kruckeberg, one of the fathers
of Serpentine Ecology, who passed away in 2016 (Rajakaruna 2016). In the Special Issue, two articles deal
with evolutionary and functional ecology. Hidalgo-Triana et al. (2018) report the establishment of groups
according to their functional traits within ultramaﬁc
vegetation communities in California and Sakaguchi
et al. (2018) provide a detailed comprehensive study on
the phylogeography of one plant species in Japan, Picris
hieracioides (Asteraceae). Three articles report speciﬁc
ecological interactions within ultramaﬁc environments,
i.e. speciﬁc plant–plant or plant–animal interactions
involving serpentine endemic Ni-hyperaccumulator
species. Bani et al. (2018) report the interactions between
the most common hyperaccumulator species in the
Balkans, Alyssum murale (= Odontarrhena muralis s.l.),
and the parasitic plant Orobanche nowackiana, which is
the only ultramaﬁc-obligate parasitic plant in Europe.
The other two articles report interactions between insects and Ni-hyperaccumulator plants from the genus
Streptanthus from western United States (Mincey and
Boyd 2018; Mincey et al. 2018).
Biodiversity of ultramaﬁc areas
Many articles published in this Special Issue address
biodiversity of ultramaﬁc ecosystems, the existence of
speciﬁc communities of poorly studied organisms in
ultramaﬁc environments or the existence of yet unreported hyperaccumulator species. They include a full
geoecological study of two ultramaﬁc ecosystems in
Ireland (Brearley 2018), a complete review of the rich-

Fig. 1 Group photograph of the delegates of the 9th ICSE in front of the Conference Room Building at the Agricultural University of
Tirana on the ﬁrst day of the Conference (June 5, 2017)

ness of circumboreal ultramaﬁc ecosystems in the
Northern Hemisphere (Teptina et al. 2018), the speciﬁcity of the communities of lichens in ultramaﬁc environments (Favero Longo et al. 2018) and the speciﬁcity
of the associations of organisms present in the biological
crusts on ultramaﬁc vs. non-ultramaﬁc soils (Venter
et al. 2018).
Metal (hyper)accumulation is presented and discussed in regions that were either previously poorly
´
studied, such as Central Mexico (Navarrete Gutierrez
et al. 2018), Kosovo (Salihaj et al. 2018), or in wellstudied regions where new hyperaccumulator species
have been discovered, such as in Mpumalanga (South
Africa) with the discovery of Senecio conrathii (Asteraceae) (Siebert et al. 2018), or in Central Turkey with the
ﬁnding of Isatis cappadocica subsp. cappadocica (Brassicaceae) (Celik
et al. 2018). A major study undertaken
¸
in the ultramaﬁc areas of Sabah (Malaysia) reports on
the discovery of numerous new hyperaccumulators: Al
(38 species), Co (3 species), Mn (7 species) and Ni (24
species) (van der Ent et al. 2018). For Ni, there seems to
be a distinct phylogenetic pattern, as most hyperaccumulators are members of the Order Malpighiales (van
der Ent et al. 2018). The use of hand-held X-ray ﬂuorescence (XRF) instruments for the scanning of thousands of herbarium specimens was presented as a
powerful tool to uncover hyperaccumulating plant taxa
in herbarium collections (Gei et al. 2018). This approach
has so far only been carried out in Sabah, Malaysia
(Nkrumah et al. 2018) but it could revolutionize the
search for new hyperaccumulators globally, and help to
better understand the geographical distribution and the
evolutionary history (phylogeny) of hyperaccumulation

(Jaﬀre´ et al. 2013; Nkrumah et al. 2018). One species
reported in this issue is the rare and extreme Ni hyperaccumulator Antidesma montis-silam (Phyllanthaceae),
known previously from a few historic collections from
Mount Silam in Sabah (Malaysia). It was discovered
through XRF scanning of herbarium collections, and
subsequently located in the ﬁeld (Nkrumah et al. 2018).
Ecophysiology of metallophytes and metal hyperaccumulation
In the Special Issue, several articles provide new insights into metal homeostasis and hyperaccumulation
from ﬁeld collections (Reeves and Kruckeberg 2018)
or from laboratory physiological experiments designed to investigate suspected mechanisms involved
in the hyperaccumulation trait (Bartoli et al. 2018;
Dehno and Mohtadi 2018; Ghasemi et al. 2018;
DeGroote et al. 2018). One of the published articles
stresses how important it is to fully assess elemental
concentrations in plant parts collected in the ﬁeld, as
soil contamination of leaves can lead to mistaken
attribution of hyperaccumulation, as has been the case
of some Caryophyllaceae from California (Reeves and
Kruckeberg 2018).
The ﬁrst article reports on an experimental study of
the physiology of the Ni-hyperaccumulator Leptoplax
emarginata (Brassicaceae), and the results show that the
highest Ni concentrations are in the actively transpiring
young, thin leaves with the greatest stomatal densities
(Bartoli et al. 2018). In another study (Ghasemi et al.
2018) investigating the role of the CAX1 Ca2+ vacuole

Fig. 2 Visit of the ﬁrst full-scale nickel agromining ﬁeld trial in Europe in Pojske¨ (District of Pogradec) by conference delegates during the
mid-conference trip (June 8, 2017)

transporter in the Ni-hyperaccumulator Alyssum inﬂatum (Brassicaceae), it is concluded that high cytosolic
Ca2+ is an important parameter that results in Ni tolerance. An investigation of the mechanisms involved in
Mn hyperaccumulation by Phytolacca americana suggests that this trait may be a side eﬀect of rhizosphere
acidiﬁcation as a phosphorus-acquisition mechanism,
rather than an adaptation to high soil Mn per se
(DeGroote et al. 2018). The ﬁnal article in this section
reports on a study on the interaction between Pb uptake
and Fe nutrition in Matthiola ﬂavida (Brassicaceae), a
facultative Pb hyperaccumulator from Iran (Dehno and
Mohtadi 2018). All these studies give a better understanding of the mechanisms of metal hyperaccumulation
and show how much this trait is related to the homeostasis of essential nutrients (such as Ca, P, Fe).
Nature-based rehabilitation of ultramaﬁc disturbed sites
Over the years, the issue of how to restore or rehabilitate
ultramaﬁc environments that have been aﬀected by
mining, quarrying or other activities, has gained substantial attention at the ICSEs. Three articles published
in the Special Issue report on diﬀerent case studies related to this topic (Boisson et al. 2018; Mizuno et al.
´ et al. 2018).
2018; Quintela Sabarıs
´ et al. (2018) report how the propQuintela Sabarıs
erties of a topsoil in a nickel-laterite opencast mining
operation evolve during stripping and storage and what
consequences can be expected when re-using this material in post-mining rehabilitation. The following two
papers report experiences and case-studies of how the

use of metallophytes can be successful for the rehabilitation of mine and quarry sites. Mizuno et al. (2018)
show how some native populations of Japanese wild
thyme (Thymus quinquecostatus, Lamiaceae) from
ultramaﬁc sites in Japan can be successfully used as ﬁrst
vegetation covers of serpentinite quarries. Boisson et al.
(2018) report how phytostabilisation of polluted areas
using local endemic metallophytes, such as Microchloa
altera (Poaceae), in the province of Katanga (DR of
Congo) represents an opportunity to decrease the
bioavailability of heavy metals in the highly polluted
soils resulting from base metal mining.
Agromining
The session on agromining was dedicated to the life
work of Dr. Rufus Chaney who was the earliest proponent of the idea of phytomining and a leading promotor of the technology (Chaney 1983). The new
concept of agromining has been derived from phytomining and is conceived as the full (agronomic) chain of
using metal hyperaccumulator plants for producing biobased metals (van der Ent et al. 2015a). Two papers
report on original results from the eﬀects of agromining
on soil biology, microbiology and quality. Saad et al.
(2018) discuss the eﬀects of a new agro-ecological nickel
agromining system that uses co-cropping of hyperaccumulators with legumes. Kanso et al. (2018) report on the
eﬀect of nitrogen fertilization on agromining of Ni with
Alyssum murale and subsequent eﬀects on microbial
diversity and functionality.

Conclusions and perspectives
The 9th ICSE has brought an even clearer message to
the serpentine community: having a structured multiscientiﬁc community working on these special ecosystems worldwide has made it a model for basic and applied ecological research (Harrison and Rajakaruna
2011). Over the years, we have discovered how metal
homeostasis and biogeochemistry interplay on evolution, ecology, inter-species interactions, resistance to
stress, and biogeochemical cycling. In turn, these insights have proved to be keys to developing naturebased solutions utilizing ultramaﬁc plants, speciﬁcally
post-mining restoration and agromining. The 9th ICSE
and this Special Issue of Ecological Research are a clear
demonstration of the interest in these areas of research.
In future, we need to put more emphasis on ecosystem
services provided by ultramaﬁc regions, and continue
the successful integration of scientiﬁc disciplines. The
10th ICSE will be held in 2020 in Yekaterinburg, Russia
near to ultramaﬁc sites in the southern Urals.
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